INTRODUCTION
Mucosa-associated lymphoid tissue (MALT) lymphoma is currently classified as an extranodal marginal zone lymphoma according to the Revised European American Lymphoma classification system 1 
and the classification proposed by the World
Health Organization (WHO). 2 Among the three subtypes of marginal zone lymphoma according to the international lymphoma study group classification of non-Hodgkin's lymphoma, 3 which are extranodal, nodal, and splenic marginal zone lymphoma, extranodal marginal zone lymphoma of MALT type is known to be the most common subtype, accounting for 50% to 70% of total cases. MALT lymphoma is induced by chronic inflammatory process, resulting in accumulation of autoreactive lymphoid tissue around the germinal centers in Peyer's patches, thus named the marginal zone. This process may be associated with chronic infectious condition such as Helicobacter pylori infection in stomach 4 and autoimmune disease in thyroid or salivary gland. 5, 6 These autoreactive cells transform into MALT lymphoma sometimes with the acquisition and accumulation of genetic abnormalities such as t11;18 and t1;14. 7 MALT lymphoma may arise from gastrointestinal track as well as from non-gastrointestinal sites such as conjunctivae, thyroid, salivary gland, orbit, lung, breast, kidney, skin, liver, and prostate. However, stomach is known to be the most common site associated with H. pylori infection. 7, 8 MALT lymphoma is considered to be an indolent lymphoma with an excellent prognosis due to good clinical responses to treatment and favorable disease-free and overall survival. This is probably partly because MALT lymphoma tends to stay localized for a prolonged period of time without dissemination.
However, its spread to regional lymph nodes and to multiple sites occurs in some cases. Furthermore, bone marrow involvement is reported in 7% to 20% of the total cases of MALT lymphoma. 10, 11 In gastric MALT lymphoma, bone marrow involvement is reported in some cases, even in patients with only mucosal lesions without lymph node involvement, [12] [13] [14] but their incidence has not been clearly presented yet. There are several clinical guidelines for the diagnosis and treatment of MALT lymphoma, which are similar but different especially in regard to the study of bone marrow involvement. [15] [16] [17] Due to strong association between H. pylori infection and MALT lymphoma, the incidence and the clinical characteristics may show variations in different parts of world according to its endemicity, potentially limiting the value of the clinical guidelines. Thus, we tried to evaluate the incidence of bone marrow involvement in patients with gastric MALT lymphoma and its treatment options especially for early stage disease with bone marrow involvement through a retrospective analysis of the experience in a single center in South Korea.
MATERIALS AND METHODS
This study has been approved by the Institutional Review Board of the National Cancer Center, Goyang, South Korea (NCC2017-0105). Patient consent was waived according to the approval of Review Board since the right and the interest of the patients would not be violated.
Patients
Between January 2001 and December 2016, 144 patients were diagnosed with gastric MALT lymphoma at the National Cancer Center, Korea and were followed at two centers: center for gastric cancer and center for hematologic malignancy. Patients who had definite diagnosis upon pathologic evaluation through endoscopic biopsy in our institute were included in this study. Patients who were diagnosed but not treated or followed at current institute were excluded. In addition, those with other invasive malignancies or malignant transformation of MALT lymphoma at the time of initial diagnosis were excluded from the study.
Information, including baseline characteristics, disease history and status, treatment and its outcome, was retrospectively collected using electronic medical records. Patients were followed until January 2017.
Diagnosis and staging procedure
Complete physical exam was done at the time of initial presentation. Grade 4 to 5 according to histologic scoring system suggested by Wotherspoon et al. 18 was considered to be compatible with diagnosis of MALT lymphoma. Polymerase chain reaction (PCR) for immunoglobulin heavy chain (IgH) was used in adjunction to pathologic evaluation to support diagnosis. If a histology showed dense infiltrate of marginal zone cells in lamina propria with prominent lymphoepithelial lesions (Wotherspoon score 5), the cases were diagnosed as MALT lymphoma. If a histology was ambiguous for diagnosis, we performed PCR examination. Wotherspoon scores 3 or 4 combined with IgH monoclonality from PCR was also considered to be MALT lymphoma. Additionally, when the histologic evidences (dense infiltrates, multiple lymphoepithelial lesions) and endoscopic lesions were highly suggestive, the cases were diagnosed as MALT lymphoma regardless of the PCR results. Upon confirmation of MALT lymphoma on endoscopic biopsy of the stomach, further evaluation for staging of the disease was done: computed tomography (CT) of chest, abdomen and pelvis and laboratory tests including blood count, lactase dehydrogenase (LDH), and 2-microglobulin. Endoscopic ultrasound (EUS) was carried out in selected patients to evaluate the depth of invasion of MALT lymphoma. Bone marrow aspiration and biopsy and positron emission tomography (PET) were performed at the discretion of each attending physician to confirm marrow involvement and involvement of other sites. PCR for IgH was also performed on bone marrow aspiration samples if available.
Bone marrow evaluation was done according to the usual procedure in a prone position. 19 Bone marrow involvement was confirmed when definite evidence of nodular, nodular and interstitial or paratrabecular lymphoid infiltration was found on bone marrow biopsy. 20 Staging of the disease followed modified Ann Arbor staging system for extranodal lymphoma. 17, 21 Stage IIE1 referred to disease with regional lymph node involvement, while IIE2 referred to disease with distant abdominal lymph node involvement. Paris staging system was used in combination with Ann Arbor system to better delineate the depth of disease involvement. 22 Because bone marrow involvement is sufficient to stage a patient to stage IV MALT lymphoma according to current staging system, in order to compare the baseline characteristics of patients with and without bone marrow involvement, we additionally staged the patients disregarding bone marrow involvement. Endoscopic finding was primarily based on the endoscopy report at the time of initial diagnostic work up; however, previous endoscopy images were also reviewed if sufficient information was not available in the report. When more than two discrete lesions with intact normal mucosa in between were confirmed as MALT lymphoma through endoscopic biopsy at each site, the patient was considered to have multiple lesions. H. pylori infection status was evaluated using rapid urease test, pathologic evaluation with Wright-Giemsa staining of sample which was acquired from endoscopic biopsy at greater curvature side of the body of the stomach, serology test, or urea breath test. Infection with H. pylori was confirmed if any of the above tests turned out positive.
Patients were considered to have lymph node involvement if lymph node enlargement of more than 1.0 cm in short axis was noted on the CT scan 23 or if the PET scan showed significant uptake.
Treatment
Patients were treated according to H. pylori infection status, disease stage and disease location. Combination of amoxicillin (1,000 mg twice a day) and clarithromycin (500 mg twice a day) with high-dose proton pump inhibitor (omeprazole 20 mg, lansoprazole 30 mg, or pantoprazole 40 mg twice a day) for 7 to 14 days or combination of metronidazole (500 mg three times a day), tetracycline (500 mg four times a day) and bismuth (600 mg twice a day) with high-dose proton pump inhibitor for 10 days was used to treat patients with H. pylori infection. For patients without H. pylori infection, radiation therapy was used if the patient had disease confined to gastric wall, and systemic chemotherapy was used if the patient presented with lymph node involvement.
Follow-up evaluation and second-line treatment
Follow-up tests to see the H. pylori infection status were also carried out to evaluate the response to the H. pylori eradication treatment. Bone marrow aspiration and biopsy was performed at the discretion of each attending physician if the patient had bone marrow involvement at initial presentation.
After initial treatment, follow-up upper endoscopy with biopsy was performed every 3 to 6 months and pathologic evaluation for biopsy sample was done using the Groupe d'Etude des Lymphomes de I'Adulte (GELA) histological grading system. 24 Complete remission (CR) was defined when there was no evidence of endoscopic and pathologic evidence of disease in two post-treatment evaluations that was done at least 4 weeks apart.
Second-line treatment was administered according to followup H. pylori infection status, disease status after initial treatment, presence of systemic symptoms and the performance status of the patient.
Statistical analysis
Proportion of patients with bone marrow involvement was calculated from the patients who underwent bone marrow evaluation at the time of initial diagnostic work up. Baseline characteristics were compared between the patients who had and those that did not have bone marrow involvement. Student t-test and Fisher exact test were used to compare age, LDH level, and 2-microglobulin level at the time of initial diagnosis. Proportion of patients with H. pylori infection, multiple lesions and lymph node involvement were also compared. Pearson chisquare test was used to compare T stage between the groups. Significant difference was defined as p-value less than 0.05. All statistical analyses were performed by using Stata/SE software version 14.1 (StataCorp LP, College Station, TX, USA).
RESULTS

Baseline characteristics
Among the 144 patients who were screened for this study, 12 patients were excluded due to various reasons: five patients were diagnosed but not treated or followed at current institute, six had other invasive malignancies, and one exhibited malignant transformation on the endoscopic biopsy at the time of initial diagnosis. As a result, 132 patients were included in this study ( Fig. 1) .
Baseline characteristics of all patients in current study are shown in Table 1 . Median age was 52 years old, ranging from 17 to 81, and the majority of patients were below 65 (116 patients, 88.8%). Female predominance was noted with femaleto-male ratio of 1.81. Patients were followed for median of approximately 48.8 months (range, 0.5 to 169.9 months).
Upon initial endoscopic evaluation, multiple lesions were confirmed in 63 patients (47.7%), while other patients had solitary lesion associated with MALT lymphoma. MALT lymphoma was most frequently found at body of stomach followed by antrum and angle. Thirty-seven patients (28.0%) had MALT lymphoma in different parts of stomach at the same time. The most common finding upon endoscopic evaluation was mucosal change, such as erythematous or whitish discoloration, friable mucosa, or focal mucosal irregularity. In rare cases, MALT lymphoma presented as mass (four patients) or polyp (two patients). Evaluation for H. pylori infection status was done in all patients with rapid urease test or pathologic confirmation and showed positive result in 82 patients (62.1%).
LDH and 2-microglobulin levels were measured in 126 (95.5%) and 98 (74.2%) patients, respectively, and were elevated above normal levels (202 U/L for LDH and 2.4 mg/L for 2-microglobulin) in seven (5.6%) and four patients (4.1%). CT scan was performed in all patients, and significant lymph node enlargement was found in 21 patients (16.0%): 20 (15.2%) with regional lymph node involvement and one (0.8%) with distal intra-abdominal lymph node involvement. EUS was done in 70 patients (53.0%), and most of them (65, 92.9%) had lesions limited to mucosa and submucosa layer (within the third layer on EUS imaging).
Bone marrow involvement
Among the 132 patients in this study, 92 had bone marrow aspiration and biopsy to rule out bone marrow involvement as one of the initial diagnostic processes. Four patients (4.3%) were confirmed to have bone marrow involvement. Endoscopic findings of these four patients are shown in Fig. 2 , and they all seems superficial lesions. Slides of the bone marrow biopsy samples in three patients that were available in the archive of current institute were reviewed. Scattered or focal lymphocyte aggregates were noted from the immunohistochemistry (IHC) staining for CD 20 ( Fig. 3A-C) . The extent of bone marrow involvement was less than 10% of the total evaluated biopsy sample in all patients. PCR test for IgH was performed using bone marrow aspirate in three patients, which did not show definite monoclonality. None of the patients with bone marrow involvement presented with significant systemic symptoms, and two patients complained of nonspecific abdominal symptoms such as epigastric pain or dyspepsia. Other detailed characteristics of these four patients are shown in Table 2 . 
Stage
According to modified Ann Arbor staging system, most of the patients were in stage IE (108, 81.8%). Among these patients, two patients were confirmed to exhibit invasion beyond the submucosal layer, which is indicative of stage IE2. Twenty patients with regional lymph node involvement were classified as stage IIE1. All four patients in stage IV were classified as such due to bone marrow involvement.
We restaged the patients disregarding the bone marrow involvement in order to determine the differences in baseline characteristics between patients with or without bone marrow involvement. Three patients among the four patients in stage IV did not have any other site of involvement and, thus, were reclassified as stage IE1, while one patient was restaged as IIE2 due to intra-abdominal lymph node involvement beyond regional involvement. (Table 2) Among the 70 patients who had EUS evaluation, 65 (92.9%) had MALT lymphoma involvement in mucosa and submucosa layer, putting them into stage T1 according to the Paris staging system, while two patients (2.9%) were in stage T2, and three patients (4.3%) were in stage T3.
Treatment and follow-up in patients with bone marrow involvement
Among the four patients with bone marrow involvement, H.
pylori infection was confirmed in two patients (patient number 1 and 3) at the time of diagnosis, and H. pylori eradication treatment was administered as initial treatment. Upon the follow-up endoscopic evaluation including biopsy that was done at 3 to 4 months after initial H. pylori eradication, patient 1 showed residual MALT lymphoma, while patient 3 exhibited CR with scar change. Because there was no significant symptom or evidence for disease progression or dissemination, patient 1 was followed without immediate treatment for 3 more months. Upon followup evaluation, remission of the residual lesion was confirmed. In patient 3, bone marrow aspiration and biopsy was performed 6 months after H. pylori eradication treatment and showed a disappearance of the CD 20-positive lymphocyte aggregates (Fig.  3D ). For patient 2 who did not have H. pylori infection and had disease confined to gastric wall if the bone marrow involvement was disregarded, radiation therapy was used as initial treatment (3,060 cGy divided into 17 fractions). However, upon the follow-up endoscopic biopsy which was done 5 months after radiation therapy, residual MALT lymphoma lesion was noted with H. pylori infection. H. pylori eradication treatment was given using amoxicillin and clarithromycin with pantoprazole as second-line treatment that resulted in CR at 3-month followup evaluation after eradication treatment. Follow-up bone marrow evaluation was not done; however, the patient is being followed twice a year with endoscopy including biopsy without 
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any evidence of disease recurrence as of January 2017. Patient 4 did not have H. pylori infection and had disease stage of IIE2 due to the involvement of regional and para-aortic lymph nodes upon initial CT imaging. Because the patient had abdominal symptoms with multiple lymph node involvement, chemotherapy consisting of cyclophosphamide, doxorubicin, vincristine, and prednisolone (CHOP) was used as the initial treatment. Follow-up CT scan showed persistent lymph node enlargement even after four cycles of initial chemotherapy; and therefore, the regimen was changed to dexamethasone and high-dose cytarabine with cisplatin (DHAP). Endoscopic evaluation that was done 3 months after salvage chemotherapy confirmed remission of MALT lymphoma, and CT scan that was taken 1 year after treatment showed disappearance of the lymph node enlargement. Follow-up bone marrow evaluation was not performed, but the patient is being followed without any evidence of disease recurrence for more than 10 years.
Factors associated with bone marrow involvement
We tried to performed additional analysis to evaluate the factors associated with bone marrow involvement. However, the number of patients with bone marrow involvement was too small for statistical analysis. The baseline characteristics of the two groups; those with and without bone marrow involvement, are shown in Table 3 .
DISCUSSION
Bone marrow involvement is known to occur in rare cases in patients with MALT lymphoma. Current study showed bone marrow involvement in 4.3% of the total patients who had undergone bone marrow evaluation at the time of initial diagnosis of MALT lymphoma. In this study, bone marrow involvement was noted even in patients with disease confined to gastric wall without lymph node or other organ involvement.
Primary gastric lymphoma has been reported in approxi- 
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mately 0.05% of patients who go through routine screening endoscopy for gastric cancer in South Korea, 25 and MALT lymphoma comprises approximately 56% of the total cases. 26 In recent retrospective studies conducted in two hospitals in South Korea, bone marrow involvement was reported in 0.5% to 1.0% of MALT lymphoma patients, 13, 14 which is lower than what we observed in this study. Several study groups have suggested similar but different guidelines for diagnosis and treatment of gastric MALT lymphoma, especially in regards to the need for bone marrow biopsy with or without aspiration and H. pylori eradication therapy. The National Comprehensive Cancer Network suggests that bone marrow study may be useful in selected cases, presumably in patients who are suspected to have advanced stage disease. They recommend H. pylori eradication treatment in cases of early stage disease (i.e., stage IE and IIE) with proven H. pylori infection. However, systemic induction chemo-immunotherapy or locoregional radiation therapy has been suggested in specific settings in patients who satisfy the treatment indication regardless of H. pylori infection status: presence of symptoms, gastrointestinal bleeding, threatened end-organ function, bulky disease, steady progression of disease, and patient's preference. 15 European Society for Medical Oncology (ESMO) recommends bone marrow aspiration and biopsy in all patients who present with MALT lymphoma. According to this guideline, H. pylori eradication treatment must be given as initial treatment to all gastric MALT lymphoma patients, independent of initial stage and H. pylori infection status since occasional response has On FU NED H. pylori, Helicobacter pylori; IgH PCR, polymerase chain reaction for immunoglobulin heavy chain; BM, bone marrow; EUS, endoscopic ultrasound; LN, lymph node; FU, follow-up; F, female; NED, no evidence of disease; M, male; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisolone; DHAP, dexamethasone high-dose cytarabine, and cisplatin. *Modified Ann Arbor staging system disregarding bone marrow involvement and Paris staging system; † Metronidazole (500 mg three times daily), tetracycline (500 mg four times daily), bismuth (600 mg twice daily), and omeprazole (20 mg twice daily) for 10 days; ‡ Amoxicillin (1,000 mg twice daily), clarithromycin (500 mg twice daily), and pantoprazole (40 mg twice daily) for 14 days; § Amoxicillin (1,000 mg twice daily), clarithromycin (500 mg twice daily), and omeprazole (20 mg twice daily) for 7 days. been reported even in cases without proven H. pylori infection. Additional treatment using chemotherapeutic agents is suggested in symptomatic advanced stage disease with certain indications: overt progression, bulky disease, impending organ damage or patient's preference. 16 However, European GastroIntestinal Lymphoma Study (EGILS) group does not recommend bone marrow biopsy as an initial diagnostic procedure but suggests H. pylori eradication therapy as initial treatment in all gastric MALT lymphoma patients independent of the stage. They suggest performing bone marrow evaluation only in the case of failure of lymphoma regression after H. pylori eradication and before initiating oncologic treatment. 17 The results of current study imply that systemic chemotherapy may be deferred in patients with gastric MALT lymphoma confined to gastric wall even with bone marrow involvement and the presence of nonspecific symptoms which could be possibly associated with disease (i.e., epigastric pain or dyspepsia) if they do not have any signs of symptoms related to bone marrow involvement, considering its indolent disease behavior and excellent treatment outcome with loco-regional treatment including H. pylori eradication therapy. This finding concurs with the guidelines suggested by the ESMO and EGILS groups. Furthermore, because bone marrow involvement did not significantly change the initial treatment option, we may assume that bone marrow evaluation may not need to be included in the initial diagnostic process.
Upon review of our bone marrow biopsy slides from patients with MALT lymphoma, we were able to find out that the extent of marrow involvement was at most 10% of the total examined area. This triviality of involvement is also supported by PCR result, which did not show definite monoclonality on bone marrow aspiration while clonality was confirmed on biopsy samples from primary site. This may partly explain the absence of significant systemic symptoms in patients who were confirmed to have bone marrow involvement. However, this may raise questions regarding the sensitivity of bone marrow biopsy in evaluating bone marrow involvement due to the fact that we can examine only a small portion of bone marrow through conventional bone marrow aspiration and biopsy technique. There is still possibility of undetected portion of patients with marrow involvement, but a true sensitivity and false-negative rate for bone marrow aspiration and biopsy have not been reported yet because there is no gold standard test to evaluate true marrow involvement. Nevertheless, we must assume that the previously and currently reported figures on the proportion of patients with bone marrow involvement might have been underestimated due to subtle marrow involvement. Meanwhile, a previous study suggested that determination of the presence of bone marrow (BM) involvement could constitute overdiagnosis and that subtle CD20 positivity in the BM should not be regarded as evidence of BM involvement. 20 Our data support this suggestion since the extent of BM involvement was 5% to 10% in all cases with BM involvement. This suggest that cases of MALT lymphoma with BM invasion may actually have subtle CD20 positivity in the BM that may not change clinical course of the patients. Consensus is needed in terms of diagnostic criteria of BM involvement in the future. Risk factors for bone marrow involvement have not been clearly identified so far. Some studies have shown that the patients with H. pylori negative MALT lymphoma had more advanced disease compared to H. pylori positive MALT lyhmphoma, [27] [28] [29] while another study suggested possible relation between the presence of monoclonal gammopathy and CD5 positivity with bone marrow involvement. 30 We can assume that the rarity of MALT lymphoma itself and associated bone marrow involvement has eventually resulted in small sample size, making it difficult to delineate any potential risk factor for marrow involvement. Further study with larger number of patients is warranted to deal with this specific issue, including the possible association between the bone marrow involvement and lymph node involvement.
There are some limitations in this study. Because this was a retrospective study, there are some missing data in the initial diagnostic evaluation, such as LDH and 2-microglobulin levels. Furthermore, EUS and bone marrow aspiration and biopsy were not performed in all patients. This may limit the statistical significance of current analyses; however, we are reporting more patients with bone marrow involvement than other recently published studies performed on patients with gastric MALT lymphoma. Also, due to the retrospective nature of current study, we were not able to give H. pylori eradication therapy in a protocol-based manner. Two patients with bone marrow involvement received amoxicillin and clarithromycin with proton pump inhibitor, while one patient was treated with quadruple treatment comprising metronidazole, tetracycline, bismuth and proton pump inhibitor. However, we confirmed successful H. pylori eradication through follow-up biopsy and rapid urease test that was performed at least 6 weeks after eradication therapy in all three patients. There are still no concrete reports that the choice of regimen for H. pylori eradication plays a significant role in the disease response and outcome of gastric MALT lymphoma. In current study, the proportion of patients with H. pylori infection was about 60%, which is lower than the figures reported in other studies. This may be due to frequent empirical prescription of proton pump inhibitor to patients with abdominal symptom in local clinics, possible previous treatment for H. pylori infection, or not incorporating other modalities such as H. pylori culture or PCR method to identify H. pylori infection status. Data to better elaborate this matter is lacking due to retrospective nature of this study. Finally, current study report higher proportion of patient with regional lymph node involvement compared to recently published data. 13, 14 However, considering some other data, 31,32 this may partly due to different criteria that was used to diagnose lymph node involvement in different studies. Further study is warranted to standardize the staging process of gastric MALT lymphoma including diagnostic criteria of lymph node involvement. In summary, we were able to find out that approximately 4.3% of patients with gastric MALT lymphoma had bone marrow involvement, but their involvement was trivial, with at most 10% of the total evaluated biopsy sample area. Additionally, we were able to show that the patients with disease confined to gastric wall were less likely to have bone marrow involvement compared to those with more disseminated disease. And locoregional treatments such as H. pylori eradication and radiation therapy were sufficient to induce CR of MALT lymphoma even in patients with bone marrow involvement if the patient had disease confined to gastric wall.
Based on these findings, we may consider administering loco-regional treatment before systemic chemotherapy even in patients with bone marrow involvement if a patient has disease limited to stomach with solitary bone marrow involvement. In addition, we can also propose that bone marrow examination may be deferred due to the fact that marrow involvement may not change the treatment options and outcome of the patients with gastric MALT lymphoma confined to stomach wall without systemic symptoms.
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